Introduction
The possible existence of nonthermal atomic oxygen in the high-altitude region of the Earth's atmosphere has been considered theoretically and experimentally by various workers over the years [Hays and Walker, 1966 hot O geocorona formation due to O + ion precipitation in the nighttime upper atmosphere and for disturbed geomagnetic conditions. To investigate this problem, we use the stochastic simulation method described in details in paper 1. The main feature of this numerical kinetic approach is the possibility to consider the nonlinear collisional interactions between the thermal and nonthermal populations of the atmospheric gas.
Attempts were made previously to investigate the behavior of nonthermal particles in the transition region of the atmosphere. Previously, linearized Boltzmann equations were used for the description of the gas flow in this region (Monte Carlo probe particle method [Hodges and Breig, 1993 ). These numerical methods allow the evaluation of several effects induced by O + precipitation (escape fluxes, heating rate of the atmospheric gas, optical emission rates, etc.). However, as was discussed in paper 1, the formation of the hot O geocorona is essentially a nonlinear problem because it is formed mostly by the disturbed thermal fraction of the ambient atmospheric gas. Consequently, it may be described completely only by a set of nonlinear kinetic Boltzmann equations. The stochastic method (described in paper 1) adopted here allows solution of the system of nonlinear kinetic equations and is used in this work to investigate the role of O + ion precipitation in hot oxygen corona formation. We show that the precipitation of O + energetic ions substantially modifies the velocity distribution function of the ambient O atoms, raises the effective kinetic temperature, and increases the density of hot atoms over the quiet daytime values.
Model

The Physical Model
In this work we study the hot oxygen geocorona formation due to the precipitation of O + ions in the transition region of 3715 the Earth's atmosphere (i.e., at heights of 200-800 km). At the lower boundary of this region, the number density of the atmospheric gas is sufficiently high (Knudsen number Kn -< 0.1) to consider the thermal state of the gas to be close to local thermodynamic equilibrium (LTE). At the upper boundary of the transition region the Knudsen number for gas flow Kn • 1, and consequently, a collisionless regime of atmospheric gas flow is assumed. For the main purpose of this study (the investigation of hot geocorona formation) the lower boundary should be defined in the region where the upward fluxes of nonthermal particles are vanishing. For the atmospheric conditions considered in this study, this region is about 300 km (paper 1). Above 300 km, O is the dominant component of the atmospheric gas, and therefore in this model we consider only interactions with one component, atomic oxygen. In this study we also investigate another effect of the ion flux precipitation: the heating of the neutral gas. This effect was intensively studied [Torr et al., 1974; Kozyra et al., 1982; Ishimoto et al., 1986 Ishimoto et al., , 1992 , and consequently, its numerical calculation may be considered as a test of our model. From previous studies it is known that the peak of the heating rate lies in the region 200-300 km, and therefore we adopt 200 km as the lower boundary. The heating rate of the atmospheric gas is determined by elastic collisions of nonthermal particles with the ambient gas, which consists of an N2 and O mixture at altitudes of less than 300 km. For a gas in local equilibrium it is possible to account for the gas composition by modifying the collision frequency in the one-component model [Bird, 1976] . This approach is used for the sake of simplicity, and only one component, atomic oxygen, is considered. In the region where the densities of O and N2 become comparable (below 300 km), we take into account the N2 input into the relaxation properties of the gas by increasing the elastic collision frequency by the appropriate 
The Mathematical Model
The physical system taking into account the production, elastic and inelastic relaxation, and transport processes for the O atoms and ions in the transition region may be strictly described by a system of Boltzmann type kinetic equations (paper 1): A qualitative analysis (the same as in paper 1) of these integrals shows that in the transition region considered, significant perturbations of the thermal state are possible. This means that the kinetic system considered becomes nonlinear and, consequently, that a stochastic simulation method must be used to solve this system.
Numerical Aspects
The main properties of the numerical method used here were presented in paper 1. In the numerical experiment the evolution of the system of modeling particles from the initial state to steady state is calculated. In agreement with the stochastic simulation method, this numerical system of modeling particles approximates the solution of the initial kinetic system (4). In this case it is possible to use the distribution functions statistically estimated in the numerical simulation to calculate all the necessary gas macroscopic properties describing the atmospheric gas flow in the transition region of the Earth's atmosphere.
The following modifications of the scheme were introduced for the present calculations: (1) The transition region from the thermosphere to the exosphere (200-800 km) under study was divided into a system of 24 radial cells. The 
Results
In the numerical experiments we have carried out, the steady state kinetic energy distribution functions for atomic oxygen were calculated. An example of the calculated distribution function at altitude 500 km is given in Figure 1 . This function is normalized to 1 by the oxygen density. The dashed curve on the figure corresponds to a Maxwellian distribution function for the local temperature (T = 1170 K). It is seen that the steady state kinetic energy distribution function is strongly out of equilibrium and departs significantly from the local Maxwellian distribution, especially at high energies. In our calculations, it was found that these nonthermal perturbations increase with the height because the relaxation properties of the atmospheric gas decrease with the altitude in the transition region.
The analysis of the energy distribution functions suggests to formally divide the atomic oxygen atoms into three components: (1) a thermal component, i.e., the atoms whose kinetic energy distribution may be described as Maxwellian; (2) a superthermal fraction, including fast O atoms produced in charge exchange and momentum transfer processes with energies greater than the escape energy; and (3) an overthermal fraction, i.e., atoms produced by the thermalization of the superthermal fraction to energies less than the escape energy (-10. Examples of kinetic energy distribution functions of steady state for thermal and overthermal fractions of atomic oxygen are given in Figure 3 . In this plot, the distribution functions normalized to 1 by the oxygen density are presented at of 400, 500, and 600 km. The local Maxwellian distribution function is also shown for comparison. From these functions it is possible to define the main macroscopic parameters of the hot O geocorona: the temperature and density vertical profiles. We define the temperature and density of hot oxygen based on a criterium dividing between the thermal and nonthermal fractions. As in paper 1, we set the limit where the steady state energy distribution 
